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Introduction

System and mission requirements
= Science objectives
= Mission requirements
= Mission analysis

Payloads accommodation

Solar Orbiter System design
»= Configuration
= Subsystems
= Budgets
= Enabling Technologies (HGA & SA)

Heat Shield & breadboard

» HS requirements

» HS trades & optimisation

= HS design & configuration
BB test program and tests results
HS thermal performance

CCN1 on Atlas launch
Synthesis and conclusions
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Sofer Orbiter Heat ST Introduction

= The Solar Orbiter mission:
= (Candidate for the ESA Science
Programme Cosmic Vision, as the next
mission after BepiColombo;
= Launch foreseen in 2015

= Heritage:
= SoHO (ESA/NASA), launched in 1995 and
still in function
= Solar Orbiter Assessment studies & & — Approx. sDOOTESET
payload studies, Astrium, 2003 — 2005.

= On going:
= Announcement of opportunity end 2007;
= Oct 2006: Heat Shield / System
Technology study, including a heat shield
demonstrator test.

This document is the property of Astrium. It shall not be communicated to third parties without prior written agreement. Its content shall not be disclosed.
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e et sy Heat shield/System technology study

= Objectives: ESA - [ Instrument Pls ]
» Evaluate new instruments inputs and
propose EID-A updates. ‘

» Update instrument accommodation

ium SAS
= Revise MRD, mission inputs, System [ fotrum SA J

Breadboard thermal tests

; design Prime contractor

= Define proposals for Heat Shield design ﬁggrs?ﬂrg;ée;:ggﬁm design

i, = Implement a breadboard test program Breadboard design and manufacturing
= Review technology critical areas SA / HGA

£ = Milestones: [ ]

g . I Astrium GmbH

= Kick-Off : November 1st 2006

: » Mid-Term Review : mid March 2007 SA and HGA technologies : reuse of Bepi
= Test Readiness Review : mid Aug 2007

= Test Review Board : Sept 2007 — [ Astrium Ltd J

! = Qrganisation Mission Analysis

; » |nterface with Pls through ESA only CCN1 on Atlas launch with Sentinels
= CCNT1 on Atlas launch with Sentinels [ J

— DLR

_';_
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Solar Orbiter Heat Shield /

System Technology Study
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Science objectives

Image from SOHO (ESA & NASA) — Scaled distances

= Next step in the Sun’s observation from space:

» Exploration of the uncharted innermost regions e
of the solar system; o 0.22 AU - 47 Solar radil

= Observation of the Sun from close-up (down to ' - |
0.22 AU);

= Sun observation from a quasi-co-rotating
vantage point (spatial resolution 100km pixel
size);

» Heliographic latitudes in excess of 30 deg.

= Science objectives:
= Determine the properties, dynamics and
interactions of plasma, fields and particles in the
near-Sun heliosphere;
» |nvestigate the links between the solar surface,

nicated to third parties without prior written agreement. Its content shall not be disclosed.

corona and inner heliosphere; Remote In-Situ

= Explore, at all latitude, the energetics, dynamics sensing measurements
and fine-scale structure of the Sun’s magnetized ] ]
atmosphere; Simultaneous, coordinated

Probe the solar dynamo by observing the Sun’s
high latitude field, flow and seismic waves.

This document is the property of Astrium. It shall not be commu
u

Science
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Solar Orbiter Heat Shield /

System Technology Study

This document is the property of Astrium. It shall not be communicated to third parties without prior written agreement. Its content shall not be disclosed.

= Interplanetary Cruise

» Long cruise duration (about 3.5

years),

» lLarge & variable Earth distance (up
to 2 AU),

= Variable distance from the Sun (max
1.5AU).

= Very short distance to the Sun

during operations
= High solar thermal fluxes
(~ 28500 W/m?2).
» High solar winds,

= Science measurements

= A set of about 10 instruments,

= Very high pointing accuracy and
stability,

= Stringent cleanliness levels,

» Remote sensing instruments
exposed to Solar heat flux through
openings.

All the space you need
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Mission drivers

Orbit

Perihelion between 0.2 AU and 0.25 AU, for at
least 3 consecutive orbits.

Aphelion between 0.8 AU and 0.9 AU.
Co-rotation pass: duration 10 days, with a
maximum drift of 50°.

Period about 150 days.

Inclination evolving from 0° to 30°(with respect
to solar equator), 34° in the extended mission.

Core
Payload

Overall budget: 180 kg; 180 W; 90-100 kbps.
Remote sensing instruments package: VIM,
EUS, EUI, COR, STIX

Heliospheric in-situ instruments package: SWA,
RPW, MAG, EPD, NGD, DUD

Science
phase

Nominal duration: 3 years; extended mission
duration: 3 years more.

Science data collection & storage around
perihelion.

Science data downlink to Earth when spacecraft
is far enough from perihelion.

Cruise
phase

Goal is less than 3 years, with valuable science
doable during cruise.

EADS
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Syetem Technology Sty W Transfer strategy trade-off

= High Sun latitudes at close distance
calls for high energy transfers.

= > Ballistic mission based on
chemical propulsion as baseline,
owing to smaller cost and better
mass margins, for a reasonable
increase in the cruise phase duration.

= Successive Venus gravity assists to
obtain the high inclinations (reaching
more than 30 degrees during nominal
science phase)

This document is the property of Astrium. It shall not be communicated to third parties without prior written agreement. Its content shall not be disclosed.
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Mission analysis detalls

2015 baseline 2015 variant 2017 back-up
Launch Date 22 May 2015 22 May 2015 9 Jan. 2017
Min. Sun distance 0.225 AU 0.219 AU 0.228 AU
Max. Sun distance 1.38 AU 1.38 AU 1.49 AU
science ops start (GAM2) 3.39 years 3.39 years 4.09 years
Solar equatorial Inclination 31.7° 32.1° 30.2°

& Science ops end

after 7.1 years

after 7.1 years

after 8.4 years

Deep Space Manoeuvre

45 m/s

212 m/s

Om/s

Duration to Final

33.9°

34.6°

34.3°

All the space y«
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Inclination after 8.3 years after 8.3 years after 9.63 years
- Solar Orbiter 2015 launch
§ Start Nominal Mission End Nominal Mission End Extended Mission
150 S (After GAM V2 (July-2021) (Jan-2024)
1,25 o) o) z |2 = = = = 5
’ 0/ O S| [0 [0 10 15} ©
2 100 A NN
L NANAANAAN - .
- ’ \J’
[}
o
8
» 0,50 -
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0,25 -
0,00 T T T T T T T T T T T T T T T T T T T T
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S Main system requirements

Max heliospheric
latitude +/- 5 days

Remote Sensing observations
High data rate acquisition

Mission duration and phases :
= 3.5 years cruise,
= Nominal mission phase from VGAM4 to VGAMS,
= extended mission from VGAM4 to VGAMG:

Perihelion
+/- 5 days

In situ observations
low data rate acquisition

= Science windows

Min heliospheric

= Payloads : 180 kg, 180 W, 90-100 kbps

= Communication : 200 kbps at 1 AU, permanent communication with New Norcia except
planetary alignments outages

o \ Requirement Pointing Parameter Line of Sight (Xop) Around Line of Sight |

= Pointi ng pe rformance POIN30a APE : Absolute Pointing Error < 2 arcmin < 20 arcmin

POIN30b PDE : Pointing Drift Error < larcmin/ 10days | < 10 arcmin / 10 days

POIN30c RPE : Relative Pointing Error < 1 arcsec / 10 secs < 2 arcsec / 10 secs

POIN30d AME : Absolute Measurement | No req (TBC) < 3 arcmin in 10 secs

Error
, Applicable to: ECSS Category MRD V3.0 (MASS25)
= SySte mm arg NS Off-the shelf items with no modifications A/B 7 %
Off-the shelf items with minor modifications C > 10 %
New design items, or items with major re-design D 25 %

= Heat shield shall be testable a sub-system level prior integration

This document is the property of Astrium. It shall not be communicated to third parties without prior written agreement. Its content shall not be disclosed.
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Solar Orbiter Heat Shield /

System Technologj :S_t-‘udy . M | S S | O N E nV| ro nm e nt

) ) Sunspot Cycles: Past and Future
= Launch baseline in May 2015: e ) PR '

= Mission starts during solar min.
activity period,

18 19

200/

Solar Orbiter ]|

£
B . ; b mission
= ends with the 25th solar cycle max. 5 —] 1
g aCt|V|ty § s 25 1
g 0 so /\
¢ = Solar electromagnetic flux: ol . . . :
= Average: factor 4 greater than an i 1o 1000 e 2020
% Earth miSSion, Solar Orbiter 2015 launch : cumulated equivalent solar hours (esh)
= Peak:20 SC = twice as hard as . :
BepiColombo. S PSP T, [, Lega |
é 200000 i i /]
: . . . : : /
I = Plasma (Solar Wind) environment is 3 : »
also expected to be severe. : /:’
g gWEIEIEIEIIJ I / I
: = High concentration of solar wind :// i
particles, high UV-flux and high — :
temperature of exposed areas will ] ! :
deserve geart care for the external g
coating of the spacecraft sun shield.
- |
4
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All the space you need sEsEriom

Page 12 Oct 2nd 2007 — SOL-T-ASTR-PRS-74 — Solar Orbiter Heat Shield / System Technology Study — Final Review



Solar Orbiter Heat Shield /

System Technology Study

9
o
3

o

2

S
@

38
s
2

©

£
@
k=4

2
s
3
2
€
5}
£
o
°
>
<
<
5}

E=]
5

s
&
=
3

£

=
@

2
£
5
a

B

£

L
w

L
€
E
£
5
3
@

38
k]
2

©

£

@
£
S

-2
b7}

<

k]
>
£
©
-1
o
5
o

E=)

2
€
5
E
5
3
S

S

0

=

=

EADS

All the space you need : askErium

Page 13 Oct 2nd 2007 — SOL-T-ASTR-PRS-74 — Solar Orbiter Heat Shield / System Technology Study — Final Review



Solar Orbiter Heat Shield /

Science Payloads: generic instruments
Remote-Sensing Instruments Mass (ko) Power (W) ™ (kbps)
VIM Visible Imager & Investigation of the magnetic and velocity fields in the 30.4 35.0 20,0
Magnetograph photosphere
EUS EUV Spectrometer Investigation of properties of the solar atmosphere 18,0 35,0 17,0
8 EUI EUV Imager Investigation of the -solar-atn)osphere using high resolution 20.4 28,0 20,0
S imaging in the EUV
z COR Visible Coronograph Investigation of coronal structures. usnpg polarized brightness 18,3 30,0 10,0
£ measurements in Visible
£ STIX Spectromgter Telescope Investigation of energetic electrpng near the Sun, and Solar 44 4,0 0.2
5 Imaging X-Ray X-ray emission
é PSE Payload Support Elements Boom, VIM filter, EUS flltt_ar (TBC), instrument doors, thermal 26.0 4,0
£ interfaces
2 In-Situ Instruments
=
§ SWA Solar Wind Plasma Analyser Investigation of kinetic properties and.composmon (mass 16,5 15,5 7.0
° and charge states) of solar wind plasma
3 RPW Radio and Plasma Wave Investigation of Radp and Plasma waves including coronal 13,0 7.0 5.0
5 Analyser and interplanetary emissions
g
§ MAG Magnetometer Investigation of the solar wind magnetic field 2,1 1,5 0,8
z EPD Energetic Particle Detector Investigation of the origin, acgelerathn and propagation of 151 145 3.1
e solar energetics particles
g DPD Dust Particle Detector Investigation of the. flux, mass and major elemental 18 6.0 0.1
2 composition of near-Sun dust
; NGD Neutron Gamma ray Detector Investigation of the Characteristics of low-energy solar 55 55 0.4
H neutrons, and solar flare processes
i Source : ESA Payload Definition Document SCI-A/2004/175/A0 v5.0 dated 31,03,2006 171,5 186,0 83,6

All the space you need
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Solar Orbiter Heat Shield /

System Technology Study

This document is the property of Astrium. It shall not be communicated to third parties without prior written agreement. Its content shall not be disclosed.

Aperture through the heat shield is
required.

Accommodation either inside spacecraft,
behind the heat shield, or outside the
spacecraft, at heat shield corner

A thermal baffle is inserted in the heat e
shield for each of the RS instruments

Instruments thermal control through hot
interface and cold interface at spacecraft

level:
= Each of the candidate for remote sensing Direct solar flux

RFW Antenna

SWAPAS

HGA

observations has been analysed |

Flux from Heat shield

= Each candidate is a particular case

= Accommodation feasibility: no real stopper
with the available information

All the space you need
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Remote sensing instruments

Heatshield

Solar Arrays

EUS

In situ

Instrumerts +"(1—fr

EADS
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sor st ot ol In-situ iInstruments

T
P

= Mounted on external walls, in the shadow
of the heat shield.
= |nstruments thermal control through

dedicated radiator on each payload:
» Each of the candidate for remote sensing
observations has been analysed
» Each candidate is a particular case
= Accommodation feasibility: no real stopper
with the available information

Protected by the heat shield

This document is the property of Astrium. It shall not be communicated to third parties without prior written agreement. Its content shall not be disclosed.
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Solar Orbiter Heat Shield /

Baseline System Design

Always Sun-pointed and
Two 1-dof steerable protected from Sun heat
solar arrays flux and radiations by a heat
long yokes (thermal shield
+ FOV aspects)

Square structure
with mono-propellant
propulsion system

2-axis steerable High
Gain Antenna for
telemetry download

This document is the property of Astrium. It shall not be communicated to third parties without prior written agreement. Its content shall not be disclosed.
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Solar Orbiter Heat Shield /

System Technology Study

Configuration

| I
Flight configuration, with Example of internal
apertures in heat shield as accommodation
a function of payload
selection

Instrument
Electronics

Stowed (provision) <
configuration
under Soyuz-

ST fairing

FOG Electronics
FOG Optics

This document is the property of Astrium. It shall not be communicated to third parties without prior written agreement. Its content shall not be disclosed.
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Solar Oroer ot shiekl Functional architecture

Payload

| Remote Sensing Payload |

| Remote Sensing Payload I—

| Remote Sensing Payload I—
= Hard'W| red Safe mOde to | Remote Sensing Payload [

In-Situ Payload

In-Situ Payload

llll

|
|
In-Situ Payload |
|

In-Situ Payload

°
[}
prevent from Sun off-
g p Oi nti n g ) Heat Shield AOCS Equipments
; _ _— o | Spacewire router Autonomous
S _ —— % g A&B Star Tracker m
5 _ _— 2 E| Power converter I
2 . s A&B
: = High recurrence and synergy Sy
£ i . B B = ass Memory
with Bepi-Colombo mission. B | ouput rower Ase
o3
H X/Ka - HGA Amplifier
2
T = N
: = One 2-axis HGA, A
2 . X - MGA | % « | TM/TC Modules —
< =
2 one 1 -axXIS MGA, pm - %g Reconf. modules
£ X /X, Ka £0
E tWO LGAS X-LGA 1 Transponder S é’ Processor modules Fine Analog
8 g — 59 EEPROM Sun Sensor
5 L = s
§ 8 = DC/DC Converters _|| —‘
§ X-LGA 2 I
g
=
é Electrical Power 5 " , SpW routers
£ attery | |2
s Bepi recurring 118 = I/F boards
S B
3 58
s Bepi modifed £E
i I DC/DC Converters
8
hel
= 1553 Orbiter —_— -_
Spacewire
O c SpaleE vo cCU — (™=




e Tesmaross Sy WO Propulsion subsystem

FVVA2 FVVB2
» Update of the hydrazine system sizing:
= AV budget in the range of 320 m/s for the most
demanding mission case

3 » Tank capacity about 350 liters. k] ko
: = 175 litres per tank: Herschel-Planck tanks
= 8 thrusters for no off-pointing below 0.9-1 AU
(impact of large radiators area on Y faces) Y T T,
= 5N thrusters 5 54
5 = Optimized efficiency with lateral thrusters mounted on = GD (FB
lateral panels
. - x G Gd G G
N = g e
% Pressure Systems Inc MAN Space Products . EADS-ST D:m_ _.m
All the space you need EAQ; Eriom
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e e ey AOCS subsystem

NM
RRM SAM SHM HWSKM
= AOCS Interplanetary mission — = = — e =
base on high heritage from Analog FSS X )
STR X X X X
Rosetta / Mex / Vex W X X X X
Thrusters X X X X X
. . . APME X X X X
= Highly accuracy is required SADE X X X X
for remote-sensing payloads. AN X

= Attitude estimation based on

=  Gyro-stellar hybridisation
= Sun sensors for attitude
acquisition and safe modes

Bepi Colombo Sun sensors and Star tracker
(here examples with TNO SAS and Galileo STR)

High performance gyros : Astrix 200

= Reaction wheels and
thrusters for actuation

RPE (arcsec over 10 s)
L, L . pumeteoroids negligible
= Opt|m|zed pOIn’[Ing S’[ablll’[y Solar pressure noise negligible
h h . Solar wind negligible
through: Wheels pvibs 0.2-0.5
= Special measures at wheel HGA pointing 0.4
management system (reduced Adesicontrol 0.25

68 Nms Teldix Wheels
speed, elastomers) RPE requirement 1 arcsec over 10 s

High performance gyros

This document is the property of Astrium. It shall not be communicated to third parties without prior written agreement. Its content shall not be disclosed.
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Solar Orbiter Heat Shield /

System Technology Study

Power Subsystem

= Fully regulated bus 28 V
= Power subsystem highly '
based on Bepi Colombo ¢
% reuse Cold case at 1.5AU Hot case at 0.22 AU
: = Solar Array : Bepi
Colombo double face " . w
i panels ot RN
= Cold face : used at large i N~ T S e,
? solar distance, with 100% . .
cells ratio —
: = Hotface :usedinthe hot 2, .
: case, with reduced cells c
-f'fa ratio ~30% %40 to 3
i » ~6 m?2 solar panels driven g 5
by cold case Esof . 10
: = Temperature control o e Ofpeningaal e i
g (2000C hOt Case) through (Left : Power, Right : thermal) il N ;ace ‘,‘:':‘. 1
Solar Arrays inclination o TS @
up to 70° : key enabling I T
% teCh nOlOgy 01,5 1:4 1L3 1:2 1,1 1:0 0l9 0:8 0:7 0:6 ols 0l4 ols olz 011 0,0—40
§ Distance to Sun (AU)
[S _,:__
EADS _—

All the space you need
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Solarorbse Hos TR Communications Trade-off

Solar Orbiter 2015 launch

25,00

= Requirements: ‘J&Kﬁfé?ﬁ;,
200 kbps @ 1AU, 0o bofing 50 marg
no outage, X+Ka, § AN EFERE
+ Doppler E 10,00 . |
. i [ |
+ Range tracking 5 500 _ g = E
+ ADOR ﬁ 0.00 ] Sun
; -5,00 -
- ° * o o ®
= HGA reuse from 3 el . en?
Bepi Colombo g - T IR
2 15,00 o ® L
° [}
-20,00 ° ]
» X + Ka band rather
than X alone “Ps s ¢ & g8 8 8 ¢ 8§ ° & 2 8 8 &8 & % 8 8

Azimuth in the XY plane (0° = towards +X in Sun direction) in deg

= HGA configuration options:
= Brand new design for full performance at 0.2 AU (off-axis antenna, RF transparent shield)
= Reduced performance at 0.2 AU with Bepi Colombo HGA (due beam off-pointing)
= Bepi HGA communicating under spacecraft shadow (8 days outage at Perihelion 3)
= No communication under 0.3 AU

= MGA configuration options
= Use in safe modes (Earth strobing mode as on Rosetta)
= Replacement of HGA under 0.3 AU :

This document is the property of Astrium. It shall not be communicated to third parties without prior written agreement. Its content shall not be disclosed.
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Solar Orbiter Heat Shield /

System Technology Study

= Full recurrence with

Communications Subsystem

X/ X, Ka-Transponder 1

Ka-band Transmitter

X-band Transmitter

X-band
Receiver

Demodulator

IERERE

Ka-band Transmitter

X-band Transmitter

X-band
Receiver

Demodulator

la 12 12

X/ X, Ka-Transponder 2

Bepl COIOmbO Ka-TWTA 1
S u bsyStem RFDU / WGIU EPC Ka- Coupler
K%FH <

: - —
. Y \K -
z ® X+ Ka downlink and XiKa- K
: : HGA & ! ’
X uplink %ﬂ: kT
g ‘L X-WGS 3 Ka-TWTA 2
% I X-TWTA 1
. = 2 axes mechanism e A J y v N
5 1 > - X X Coupl
§ fo r H GA, 1 aXIS for - K Diplexert RFI 1 EFI’C oupler
§ MGA t X'WGS1“ ?4 <] —] J >
Z X-MGA
T . l>] - <] <— <
: = Bepi Colombo HGA .
g X-RFI 2 -
g \ v
§ Y g ™~ > Diporer2 X-TWTA 2 >
g | X
g X-WGS 4 X-WGS 2 L |
5 X-WGSG@T
2 £
2

All the space you need
Page 25 Oct 2nd 2007 — SOL-T-ASTR-PRS-74 — Solar Orbiter Heat Shield / System Technology Study — Final Review

EADS

___.--/

SsErium



Solar Orbiter Heat Shield /

System Technology Study

= Thermal control based on a heat shield & permanent SC
pointing towards Sun.
= Behind the Heat Shield, the spacecraft thermal control

techniques are very similar to Vex / Bepi Colombo:
= High temperature MLI to protect spacecraft wall from large flux
rejected by appendages
= Dedicated radiators for remote sensing payloads (hot interface
and cold interface)
= Access to cold space view factor for in-Situ instruments
mounted on spacecraft wall, under heat shield shadow

4

RPW Antenna

%

Heatshield

/!

e

RPW
Antenna

-Z Wall

4
‘o

Solar Arrays

2

¢
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+Z Wall

hermal control Subsystem

Heat Shield Sub-System

| |

| \ /] \ /1 |

\ Solar Orbiter

Payload
Solar flux ] A
———————————— > ¥
____________ » =
............ »
__________ > Solar Orbiter
"""""" > Spacecraft
------------ > 1
------------ - [
____________ >
.

Solar Array

Solar Array
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soon et hermal control Subsystem

T
P

= Radiators sizing : 2.8 m2 (none on HGA and RPW faces) . .
= Heating power : 400 W at 1.5 AU (worst case)
= High uncertainties on flux from appendages, with impacts on
radiators location and system work:
» Heat pipes between walls to transfer flux from payloads + equipments to
faces not impacted by appendages
= Off-pointing analysis : no off-pointing below 1 AU on Y faces (SA)
= Sink temperature estimated for all surfaces of the spacecraft

WP vCay
s6°CAlP 73 cAlP
Tl AP sy AP

T sink (°C)
170 /-140
-140/-110
110/ -80
-80 / -50

-50/-20

20/ 410
+10 [ +40
+40 | 475
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kot Spacecraft budgets

Downlink data rate
2015 launch timeline

= Power budget: 965 W in
science mode, 800 W in /T\ II
safe mode \ " \
3 ) S
i = Link budget : 200 kbps 3 \
@ 1 AU is met in cold §
i case. 5 ™~ \ / \
p L 08
|« SSMM : 360 Gbits MOL »
E 0.3 _\_\ I
i = Delta-V : 320 m/s in 2015, e
i 160 m/sin2017 e ez r 2 2 e 2 & § s 8 § 8§ = 5 § g
§ [=) w - < a TI-I':me (Days) S ow P4 - =
'g - MaSS propertles: 2015 launch baseline
g . i Propellant 1_[including 20 days LW 2524 0% | 2524
2 = Drymass: 1015 kg Inc Total wet Mass R 1267,5
: 20% System margin Launcher adapter 34,2 20% 41,0
i . Total Launch 1308,5
: = Propellant : 252 kg v ;erf::lr::nc:ass including 20 days LW 1339,1
% (201 5) and 156 kg Launch margin 30,5
‘;3 (201 7) 2017 launch backup
o N - Propellant 1 |including 20 days LW 155,5 0% 155,5
2 * Launch margin . 30 kg Total wet Mass e ! 1170,7
§’ (201 5) / 50 kg (201 7) Launcher adapter 34,2 20% 41,0
8 Total Launch mass 1211,7
é’ LV performance including 20 days LW 1261,7
Launch margin 50,0
EADS _—
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Solar Orbiter Heat Shield /

System Technology Study
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Element mission heritage
Structure Venus Express High heritage
OBC: Bepi Colombo OBC: reuse
DMS RIU : Bepi Colombo RIU : minor modifications

SSMM : Bepi Colombo

SSMM : minor modifications

Communications

Transponders : Bepi Colombo

RFDU : Bepi Colombo
TWTA : Bepi Colombo
HGA : Bepi Colombo
MGA : Bepi Colombo
LGA : Bepi Colombo

Transponders : reuse
RFDU : reuse
TWTA : reuse

HGA
MGA
LGA : reuse

propulsion Tanks: Herschel/Planck Standard technology
Gyros: Planck / Pleiades Gyros: reuse
Star Tracker: Bepi Colombo Star Tracker: reuse
AOCS Sun Sensor: Bepi Colombo Sun Sensor: reuse + Aqual
Wheels: product (Teldix) Wheels: Standard
1-axis Gyro : product (Litef) 1-axis Gyro : Standard
PCDU : Bepi Colombo PCDU : minor modifications
Power Battery : MEx / Vex / Aeolus / Goce Battery : state of the art
SA : Bepi Colombo SA : technology reuse
VHT MLI : dedicated VHT MLI : dedicated
Thermal HT MLI : Bepi Colombo HT MLI : Bepi Colombo

Heat shield : dedicated

Heat shield : dedicated

|y Y W e

Proposed heritage
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SsErium



S sy Susy Enabling technologies: SA

| 041(TBD, | 23 | Hold-down
\
H2 / 0,025 (TBC}
! 0 I N ,
Cable Dudt =— T
]
s
SADM (TBD) \
2
! o
! =3
Bepi SA g —
I
‘
\ 059~ | |~
I
| f v
| g
e
0,300 g
5 (TBD) 13
520 | 455 °
" 1

» TJ GalnP2/GaAs/Ge cells with CMX cover glass
= Shunt diodes: separated ESA TDA.
» Blocking diode: separated TDA

= Challenges:
= 70 deg off-pointing — thermal management: 65 deg in
test for Bepi
» Qualification for extended Solar Orbiter ageing
(250,000 esh)

This document is the property of Astrium. It shall not be communicated to third parties without prior written agreement. Its content shall not be disclosed.
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S ey Sty Current BC HGA Concepts
— Critical Elements

Main Reflector
(+RF and thermal coating)

| Material
Technologies

Subreflectar
I+RF andfor thermal coating)

Tripod Struts
(+thermal coating)

Bolted Joints
I/F's subreflector, Tripod
Feedhorn, APM, HRM

| RF and
thermal
coatings

(+thermal coating/HW)
Waveguides
(+thermal coating +HT ML

Feedhaorn
(+thermal coating +HT ML

Frame
(+thermal H)

EBoom
(+thermal coating/HW)

| Joining
technology
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SolerOrserHeat il Reuse of BC antenna on SolO

= Thermal analyses in hot cases: at 0.22 AU

= QObjectives:
» Investigate limits of Bepi Colombo HGA design under Solar Orbiter
environment
* Propose recommendations for hot spots

= Enabled investigation on Bepi Colombo antenna reuse

.
SUN

=

S/C body:
Boundary temp.
=+20°C

S/C Sunshield
(fully adiabatic)

This document is the property of Astrium. It shall not be communicated to third parties without prior written agreement. Its content shall not be disclosed.
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Solar Orbiter Heat Shield /

System Technology Study

This document is the property of Astrium. It shall not be communicated to third parties without prior written agreement. Its content shall not be disclosed.

Subsystem, to be tested prior integration

Provide shadow with 5 deg half cone angle

Provide for unobstructed FOV for payloads +
» Thermal baffles if required

* Doors + mechanisms

= Alignment between FOVs

Heat fluxes at 0.22 AU:
Radiative to SC X wall < 15 W/m?
= Conductive to SC Xwall <18 W
» To instruments cavities : per instrument
» Radiative to lateral walls

Interfaces: 80 kg target

Design : structural frequencies, static loads,
thermal loads, ...

All the space you need
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Heat Shield Requirements

Heat Shield Sub-System

N A B W A B

Solar Orbiter
Payload
Solar flux

------------ L 4

------------ >

------------ L 4

------------ > Solar Orbiter
____________ > Spacecraft
____________ L 4

------------ L 4

____________ L 4
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Solar Orbiter Heat Shield /

System Technology Study

= Previous assessment studies:
» Flat heat shield,
» Launch configuration on top of
spacecraft,
= External layer coating drives
temperature:

= Thermal options:
= Radiative insulation : MLI effect
= Conductive transport to lateral
radiators
» Radiative transport to cold space
through multi-reflections effect

= Thermal trades :
= |ateral conduction (weight)
= MLI vs Sunshade (weight + height)
» External coating (ageing)

= MLI vs Sunshade

This document is the property of Astrium. It shall not be communicated to third parties without prior written agreement. Its content shall not be disclosed.
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Heat Shield thermal trade-off

Sunshield temperature @ perihelion vs a/€ ratio

800 1
L4 ] L] lL
700 Uncovered
- Al or Ti
o) 600 . Aluminium limit
o .
bt - > black coating
= 500
2 —
e " LLLLE L ,r;‘ w
5 » b N .
2 400 A Ewhite paint EOL
g - : ]
300 feiesekeZwhite paint BOL
= ':r. TR white ceramic standard adhesive limit | |
200 OSR,
SSM
100 ——
0 0.25 0.5 0.75 1 1.25 15 1.75 2
oU/g ratio

Y
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Svam Tecnnacay Sl Heat Shield MLI option

AL SIS TS TITIFS
VAN NN A

CITL IS ST TT SIS SIS :.‘

» Heat shield shall be tested
Separately + hOt bafﬂes => Thermal flux entering the spacecraft +X wall as a function

i ntermediate StrUCtU re of pure MLI staging (20 layers per MLI stack)

%’ 180L I ‘

£ = 1-D MLI modelling (pending 160 ¢ White  mBlack |
on efficiency assumptions): 1401 m

] = White only for low mass £ 120 - .

3 = 80 kg heat shield with 5 stacks, E; 1 -

S 75 W entering SC g 07 i

o @ "

: _ o .

: = High uncertainties 60 s gy

¢ = Low evolution margins 20 ? . " s .

3 * ¢ . I
£ 20 | MR ST S
¢ = Only 3/4 potential tools for flux 4 6 8 10 12 14 16 18
management are used Nurmber of MLI stacks

ue
All the space you need EAQ% Eriom
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Solar Orbiter Heat Shield /

System Technology Study

= Radiative lateral transfer:

=  Optimal efficiency with N equally
spaced layers (Lagrange optimisation
with boundary limits external layer /
spacecraft)

= Flat layers can be as efficient V-shape
pending on height

= Number of layers N is a function of
emissivity

= Conclusions :
= Sunshade can be a single flat layer or a
group of layers (MLI)
=  White coating, single layer: two cavities
= Black coating, MLI: 1 single cavity

= Versatile : height can be tuned as
a function of thermo-optical
properties of elements

= Radiative transfer in high T°
domain, standard conductive +
radiative one in low T° domain

This document is the property of Astrium. It shall not be communicated to third parties without prior written agreement. Its content shall not be disclosed.
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Heat Shield sunshade option

‘q ¥4, . 1+K(1‘/1{Q)1/N
N layers {1_(%) }[K_l]

H; geometry factor = f(h;)

Unobstructed
v FOV |

Sunshade \ : { . Door

Sunshade support
\ High T°
Baffle Heat Shield
Std HT-MLI I == Sk l‘: :‘l i B " i
Support Structure i Low T°
Radiator . | Heat Shield
Std MLI = S N —
Bipods & “. _:1_ Diaphragm
monopods Instrument
Instrument pupil
radiator

Instrument
+ baffles

EADS
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Svetem Tochnorony srudy T Heat Shield mechanical trade-off

= Support structure optimized for low CTE, high

conduction, high stiffness, low mass
= Aluminium is simplest, lower cost
» Future optimisations: Al vs C/C

At

= Sunshade driver = thermo-elastic deformation
* Rigid sunshade, low CTE:
» highest mass
= potential highest performance in thermo-elastic
» Flexible sunshade 1 layer (white) + springs:
» Based on pre-loaded springs on rods
= sized to minimize gap under thermal and launch 11 11
loads 2z
» Flexible sunshade MLI on rods:
» based on laterally pre-loaded thin rods
» sized to absorb thermo-elastic deformations and [ e
minimize thermal conduction '

= Best rated = flexible MLI sunshade on rods

NN
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Heat Shield configuration

Sunshade : VHT MLI

Rods : Titanium

Baffles: Aluminium

All the space you need
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ayetem Toohnolooy sty NN Heat Shield thermal design

1st layer coating : lowest a/e possible

= Thermal architecture: Sunshade VHT ML| s
= 1 S|ng|e Cavity black Coating Sunshade backside : lowest & possible \
n Coating trade: Black Kep|acoat® Sunshade support rods : titanium |] \
» VHT MLI : titanium layers with HT MLI coating : lowest ¢ possible \
tissueglass spacer HT MLI : objective : EEEEA y
Support Structure (HSS) : A=180, thick.=3mm | I I
= Bafﬂes deSign HSS radiator coating : highest € possible I/ ' 10 cm
= Aluminium, black coated, top ring in HSS backside MLI Ezz ’

sunshade material HSS backside MLI coating: low ¢
= Mounted on SUppOI’t structure HSS support mounting : titanium |]
= FOV including margins for thermo-elastic Satellite wall MLI coating

deformation of support structure Satellite wall MLI: low ¢ 2

Baffles

Sunshade

Instrument
Field of
View

radiator e

pupil

affle ||=——
@ i

mm

baffle

Lateral radiator
™ thermal
diaphragm

This document is the property of Astrium. It shall not be communicated to third parties without prior written agreement. Its content shall not be disclosed.

y’e”"‘?" Sun illumination of
y diaphragm diavh
F\“‘optical pupil laphragm Lateral
Baffle mounted on protectlon
Heatshield Support Structure
)
. _'r'_
Box with 5 faces, E AD S -
at 20°C
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St Toonnoay Sl Heat Shield mechanical design

FEM mass
= Support structure design: sunshade = Ti foil with ,219mm
. . . . total thick inTi (d it
u alum|n|um Stlffened Sk|n arti?ic?allyci:nc?reesasser(‘:i fo§ rﬁgfgi)r,ws) 17,4
. . baffle + motor+structure
u 4 T| blpOdS + 6 monopOd t_’eirﬁorcment: st_ructur_al
(to break the longitudinal O mceriaintios 150
mode) interfacing with Sraetare (g T Smims oxiended -2
spacecraft corner & wall et mason 854
= Supports sized for 25 g
static loads and thermo- —

elastic
= Heat Shield FEM and
modal analyses

= Lateral >> 20 Hz
» Longitudinal > 50 Hz I

[D=1,MODE=1 ,F=21.487HZ->MODE SHAPE
E 7.44E-02

_ACEMENT Magnitude Unaveraged Top shell o i
0.00E+00 m Max: 7.84E-02 m &
[D=1,MODE=1,F=21.487HZ->MODE SHAPE 6.66E-02

_ACEMENT XYZ Magnitude 6.27E-02

= Spacecraft FEM for o R

lency: 2.15E+01 Hz

5.88E-02
5.49E-02

5.09E-02

mechanical analysis at
system level

4.70E-02
4.31E-02
3.92E-02 E
3.53E-02

3.13E-02

2.74E-02

2.35E-02

= Heat shield mass ~ 80 kg
with maturity margin 25 %

1.96E-02
1.57E-02
1.18E-02
7.84E-03
3.92E-03

0.00E+00,

-
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Solar Orbiter Heat Shield /

System Technology Study \ Heat Shleld Concept Valldatlon

o, € at high temperature

= Coating validation:

» During the study : Thermo-optical Outgassing

properties characterization for Black Candidate coating
Keplacoat® external layer and for materal

Titanium internal layers

= A full test plan for future coating
validation has been setup Mass loss rate

Temperature <: ;
= Breadboard test programme G

= QObjective is to demonstrate Heat shield
concept validity and measure main

Radiation + temperature o, € at high temperature

A 4

This document is the property of Astrium. It shall not be communicated to third parties without prior written agreement. Its content shall not be disclosed.

parameters in conditions as close as ,
. \ UV + temperature »| O, € at high temperature
possible from flight
H H UV + radiation + o, € at high temperature
» Options: IR tests (non representative temperature <
spectrum), Artlflmal lamp test (high U S—
power required), Solar furnace test observation
(limited chamber size) »| Thermal cycling <
o, € at high temperature
N ESD > Conductivity
_;_
EADS e
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Solar Orbiter Heat Shield /

System Technology Study _ Breadboard teSt Wlth real Sun

= Trade off : test with artificial lamps or in real solar flux ?

= To be able to have correct material behaviour depending on a, €
and temperature, the test is performed in a solar furnace

» The largest available vacuum chamber combined to a solar
concentrator is in DLR Cologne

= Advantage 1 : Same flux as perihelion, materials
properties (o and €) behave as in flight

» Advantage 2 : Cumulate experience of solar furnace testing
for further phases on instruments and baffles

= Principle of DLR Solar Furnace

Heliostat
7

& N o
f (T A .
Available flux Y - 1o " Shutters
beam : 40 om A il Beam alignement
b ] :

TR Concentrator
47Vlacuum
— device
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st Breadboard main principles

= Trade off : scale 1 test or reduced scale ?

= Scale 1:1 imposes very tight portion of heat shield in test
chamber (40 cm diameter).

= Scaling imposes tight constraints and challenge on
thermal modelling

= Solution : Use of 2 symmetry walls
= Only a quarter of the Heatshield is simulated, 2
symmetry walls allowing the restitution of the
whole Heatshield behaviour.

Heatshield predictions

= These symmetry walls are made of high reflective ﬁ

aluminium surfaces thermally decoupled from the

chamber and the breadboard structures.
Breadboard prediction

Ll

botod e N

Heatshield with 2lsvmmetrv axes

This document is the property of Astrium. It shall not be communicated to third parties without prior written agreement. Its content shall not be disclosed.
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S ey ey Breadboard main principles

= Scaling method

= The breadboard dimensions are scaled of a factor 1/16 (V4 due to symmetry x 4 due to
scaling).

» The scaling keeps the same temperature maps and same flux densities between
reduced scale and full scale models. Conduction is adapted (radial and transverse) with a
constant ratio Ae/R? in breadboard model as in full scale model.

20 cm s

15cm

Heatshield dimensions Breadboard dimensions

= At breadboard level, dimensions are reduced of a factor 16, and the same ration (radiative
flux) / (conductive flux) ratio is kept as compared to flight model.

This document is the property of Astrium. It shall not be communicated to third parties without prior written agreement. Its content shall not be disclosed.
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Solar Orbiter Heat Shield /

System Technology Study \ B re ad bo a rd d e S | g N

Baffle cover Baffle

: Rods Top nut ; Baffle semi-
= Breadboard des'Qn ring cylindrical insulation  Sunshade (also called VHT MLI)
= 1 VHT MLI Support
L Cavity Iaterally structure — 5 = AUV
open Eye-lash rod\ _ vl-\:gltl Symmetry
- 1T HT ML Support Structure | ACLUL / I
L .support struc_ture Radiator j E .
with lateral radiator Warm cavity d Symmetry wall
= 1 standard MLI Closing ML ~_,
il j Standard MLI
= 1 satwall Cold cavity
i
Satellite wall T
Sat wall feet Support structure mounting
Back shroud (20 °C boundary temperature)
= 1 Baffle

= Closed at support structure level (= worst case of baffle)
» Representative of all cumulated flight baffles (in term of flux)
= Same interfaces as flight

= Titanium rods
* 9 rods (same design as for flight) supports the VHT MLI.
They are directly attached to the Back shroud

This document is the property of Astrium. It shall not be communicated to third parties without prior written agreement. Its content shall not be disclosed.

Breadboard before symmetry walls integration
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Svevem Techmerooy Sucy Breadboard manufacturing

Breadboard mechanical justification
Breadboard drawings and configuration under gravity and thermal loads

Breadboard integration in Toulouse

This document is the property of Astrium. It shall not be communicated to third parties without prior written agreement. Its content shall not be disclosed.
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Solar Orbiter Heat Shield /

System Technology Study _ Breadboard teSt enVIrOnment

= Thermal shrouds
= The Front Shroud is cooled with water with
several apertures for Sun flux, video and
infrared cameras.

» The lateral rejection of flux is absorbed by the
LN2 Lateral Shroud.

= The Back Shroud ensured stabilised 20°C,
which simulates the satellite cavity.

= Sun flux |

= An homogeneous flux of 28 kW is send on the The Breadboard and its Front Shroud The Breadboard and its
breadboard in DLR chamber Lateral Shroud in DLR

chamber

628,1°C

600

= Monitoring
» Temperature are recorded with 40

thermocouples /'I

= + an infrared camera (calibrated for keplacoat
at high temperature)

= Infrared thermography of the
Breadboard under 28 kW/m?

4783°C

= A video camera allowed to film and record the \
deformation of the front part.

Video monitoring of the
Breadboard under 28 kW/m?

This document is the property of Astrium. It shall not be communicated to third parties without prior written agreement. Its content shall not be disclosed.
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Solar Ot Hoat St Breadboard tests overview

= 4 weeks under vacuum (< 10** mbar)
= 6 Sun tests have been performed
- 6 Sun tests representing a total of 27 hours of Sun illumination
- Several preheating tests (up to 150°C on Support Structure)
= sufficient data for thermal model correlation
= total of 27 hours of Sun illumination at 28 kW/m?

+ hundreds of thermal shocks (0 to 28 kW/m? on the Breadboard)

This document is the property of Astrium. It shall not be communicated to third parties without prior written agreement. Its content shall not be disclosed.

- Beautiful Cologne sky...
Example of Sun test with thermal shocks
Breadboard. after tests
_:_
| EADS e
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Solar Orbiter Heat Shield /

System Technology Study

Breadboard test results

Very good behaviour of the breadboard, within the predicted temperature ranges
(~colder due to higher efficiency of MLIs)
= The 1stilluminated layer stabilises around 610°C

HMESANTY A7 I

= A few millimetres behind, the last foil of the VHT MLI is
at 280°C (20°C of gradient inside the same foil)

= The HT MLI, facing this VHT MLI, is about 90°C colder,
at 190°C (23°C of gradient inside the same foil)

___._—-—uﬂwmn%

- o 0 Y I % ) I ) s

= A few millimetres behind, the structure Support stabilises o PNy
between 100°C (closed to the baffle interface) and 47°C
on the radiator.

o o R R R EUERERR R R RO G e e B
W0 F %Wmmmm

All the space you need

Page 50

Oct 2nd 2007 — SOL-T-ASTR-PRS-74 — Solar Orbiter Heat Shield / System Technology Study — Final Review

2
g . . ezl
z » The satellite wall is then ‘\\L-s‘\.'\ e
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et Breadboard model correlation

. S rt
® A dedicated breadboard ooger M ey g G gemmem Sl gonure Sisou
thermal model was built for ficel LATERAL T i =
tests predictions and test il SRR
correlation |
g SUN
m Correlation uses : -
- the 6 Sun tests e 1 4 i -
nE> ) ‘” 7
% _ the preheating teStS Cover rlng@ b Baftle A WARM CAVITY COLD CAVITY
s : insulations
AN Hame
583 HOT CAVITY
§ i ] o The breadboard thermal model (exploded view)
W Materials properties characterisation
tests are performed in parallel :
- Characterisation test of emissivity depending on
the temperature, the angle, the wavelength...
(titanium, Keplacoat®)
- measurements of solar absorptivity
B Main outputs of the correlation after tests are MLI efficiencies.
EADS it
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Soler Ortto Hoat S Tests results

= Comparison of calculated temperatures and test results

= Average layer temperature : gap < 5°C W - e

= 95% of thermocouples : gap < 10°C 5 e | | |
1 % 187°C 0 JE13 80°C T 84:%

Sl = 180 : 100°C
77°C
. Test results
L) S
) l 199

HT MLI 1st foil

I

N\ |/

& Calculated
4 temperatures

Ay

'i"g‘-.i‘.

I

Comparison between test results and
thermal model predictions
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S e Tests findings

© The lesson learnt is that the involved high temperature MLI has a very similar efficiency compared
to a standard MLI.

= Correlated model flux exchange

With the correlated model, we can
compute all the flux exchanges inside the
breadboard.

1830 W

= Correlated model temperature map

The thermal model provides a complete
thermal map of the Breadboard.
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kbt Breadboard vs Flight

A same scale of temperature is used for both model results, showing
the similarity between breadboard and flight

Temperature(c)
624

Test Heatshield breadboard thermal model (in hot case)

—
-
.
| -

[
I
[
[
I
[
|
=
[
[
[
\

T
.EZB o

I Thermal map of the one of the possible conflquratlon Flight Heatshield thermal
model (in hot case) :
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Soler Ortter Heat SHC Heat Shield Performance

= Flight predictions after test model correlation: includes correlated test results and
lessons learnt (with margin): MLI efficiencies, materials thermo-optical properties

2 la!". Thermal map of
g . the one of the
i possible
N configuration
3 F Flight
-t Heatshield
g N & thermal model
E .\ (in hot case)
é . 622 . Iz . - . Lkl . &
8 Suppo
: st lay VHT ML HT N g or Sat. Wall
_g 501 232 148 67 32
;‘ Temperatures meet the heat shield requirement specification
; and are fully compatible with the material qualifications...
g i)
EADS —
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Solar ot oot Sl Heat Shield Flux budget

= Flux exchange inside the heat shield (after test model correlation) : Multistage
= Heat shield meets its requirement specification

o
123 706 W 120300 W < 97 %
to space
Sunshade 1st layer
Sunshade last layer
232to 312°C
rods .
to space
HT MLI 1st layer
Support Structure [88to 182°C]
ssow 90 %

Standard MLI 1

Standard MLI 2

| to space
4aWS 134W
17 W
|

1 /6000
of the incoming flux

Satellite wall

32t0 67°C

Satellite cavity
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System Technology Study _ C C N 1 St U d y Ove rV| eW

=  Purpose: Analyse the design changes to the SolO mission caused by two changes to the

mission baseline, namely:

=  Switching from a dedicated Soyuz-Fregat launch from Kourou, to a combined launch with the
NASA Sentinels mission on the Atlas 551 launcher from Cape Canaveral

= Extending the remote sensing schedule of the mission to enable operation of SolO in
coordination with NASA's Inner Heliospheric Sentinels

LAUNCH DESIGN CHANGES ‘

Structur ral Oph Structur ral Oph Structural Optbons Structur ral Oph Sﬁ'uﬂural Ophons Heatshield structural implications

Structural Redesign

Common modifications.
Clamp-band interface assessment
Strength margin assessment t
Adaptor/interface Options.

Panel redesign

Overall Mass

Alternative_2 Alternative_3 Back Compatible Design (able intormaton nulm

to be used for all Soyuz and
( be d d RS) (+ extended RS) (+ extended RS) fiia :ﬁlwon mn"a"os) overall design for

TT&C/C&DH Redesign
Back-compatible
SSMM resizing TT&C/C&DH ‘ i OVERALL DESIGNIHANGES
RF redesign DSl
HTHGA redesign Overall Redesign

e Structural redesign inputs
_ THaccamn e
Solar array redesign en TT&C/C&DH

Mass & geometry Option E3000 Thamal

information as input to Options 1A/B Option 2A/B Option 3A/B Option 3C/D Unit accommodation
Thermal Redesign <compatible Tharmal [ overalldesignfor 1| Complete Designs | | Complete Designs | | Complete Designs | | Complete Designs "E’ge‘;‘i"g'r"‘:"““
40/B/C: Cone/Cylinder Heator resizing DR S |2och sinclialopfon e
Heatshield resizing N )
[AOCS Redesign
Back-compatible Thermal Costing analysis
Reaction Wheel sizing o

EPHEMERIS DESIGN CHANGES

This document is the property of Astrium. It shall not be communicated to third parties without prior written agreement. Its content shall not be disclosed.

All the space you need Ss5Eriom

Page 58 Oct 2nd 2007 — SOL-T-ASTR-PRS-74 — Solar Orbiter Heat Shield / System Technology Study — Final Review




Solar Orbiter Heat Shield /

System Technology Study
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Option 1 A: Integral
(31666 S/C Interface

Option 1B: Integral
(#1666 S/C Interface
(Cone/Cylinder)

Option 2A: Integral
?937-1666 S/C Interface

Option 2B: Jettisonable
(J937-1666 S/C Interface

Option 3A: Separate
(31666 to 937 Adaptor

Option 3B: Separate
(1666 to J1194 Adaptor

Option 4A/B/C: E3000-
Derivative Structure

All the space you need
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Design Changes — Launch Env.

Review of Atlas Launch Envelope

Hypothesis for Atlas "Stack” Launch Envelope For SolO Spacecraft/Atlas @937mm Interface: CoG @800mm
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Adaptor/Interface Options:

Structure Mass

= Analysis shows that Carbon
cone-cylinder-based construction
is most mass efficient

= Cone-cylinder construction has
lower clamp-band margin due to
high CoG

» Increase in mass of Contraves
type structure over VEX due to
reinforcement requirements in
core structure

Assessment of Heatshield

Structural issues

» Modification to pyramid, bipod
and lash supported structure
(right) gives margin increase to
11.0 on quasi-static load, and
significantly increase first eigen-
frequency

All the space you need
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Design Changes - Launch Env.

. Structure mass| uncertainty Maximum
Option structure mass
kg % kg

VEX Contraves/MEX 133.9 2.0% 136.6

SolO (single launch) SolO (SOYUZ) 144.0 25.0% 180.1
OPTION 1A 2180 25:0% i 2125

OPTION 1B 210.7 25.0% 263.4
OPTION 2h o e R e
Sal0 OPTION2B | 1974 |...250% | 2468
(Atlas stacklaunch)|_ opmionsa | to74 1 2s0% | 2468
OPTIONSB | . 1918 25:0% i 2397

OPTION 4 A 1741 25.0% 217.6

Cone/Cylinder
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SystemTechnoonudy | b DeSIQn Changes - Ephemerls
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60 —— Remote sensing data rate C&DH: ADDITIONAKY9Gb OF SSMM WITH 117CM

DISH [356Gb], ADDITIONAL 108Gb WITH 101CM

DISH [455Gb]

CD&H: EXTENDED RS-SCHEDULE FURTHER
INCREASES SSMM SUBSTANTIALLY, E.G. ALT_3
309>397Gb

50

40

30

Remote sensing data rate (kbps)
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System Technology Study

Design Changes — Overall

=  Qverall mass breakdowns for each option
computed, for a back-compatible design
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_/ Structure s Power Thermal AoCS
subsystem

NO

Subsystem

Overall dry mass breakdown for each option

Overall wet mass breakdown for each option

Final design and mass breakdown for each option

Soyuz Atlas
Option LV Margin | Adaptor Margin | LV Margin | Adaptor Margin [Comments
kg % kg %

Single Launch 45.22 33.8% 100.79 11.3% [Heatshield as baseline

1A -169.32 196.7% -47.95 25.5% [Heatshicld as baseline

1B -142.65 151.1% -23.31 9.2% Heatshield 10% bigger to cover larger structute

2A -169.28 93.5% -47.92 -13.2% Heatshield as baseline

2B -63.40 27.9% 1.58 -57.8% [Heatshield as baseline

3A -63.40 27.9% 0.40 -57.8% Heatshield as baseline
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s s hr CCN1 Overall Conclusions

Subsystem Design:
= Significant changes to specific subsystem designs

Instrument Design:
= No major difficulties in instrument compatibility with an Atlas launch
Structural Design:
= Significant increases in structural mass
Overall Design:
= Options 3A/B/C are all fully compatible with the Atlas launch
Overall Design:
= Options E3000 A/B/C are all also compatible with the Atlas launch
Overall Design:
= Option E3000 A is the best option, from a mass perspective, without ! !
changing from the baseline the baffles/heat-shield materials E
= Qut of the Atlas-compatible designs, the best option from a mass
margin perspective is E3000C — but costly!

ABSC/D

ABSEVC: ConefCylinder

As a final summarising statement concerning launch of Solar

Orblter by Atlas on top of a stack of 3 Sentinels:
A fully Atlas-compatible design can be reached (design 3C onwards)
= However it does not seem to be possible to achieve a back-
compatible design also usable on Soyuz within the cher
envelope
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Instruments inputs have been analysed

Instrument accommodation confirmed previous
assessment studies: Thermal control is the driver

Update of Solar Orbiter System design
= Coherent with new payloads information
= Coherent with new Heat Shield design
= Coherent with on-going Bepi Colombo
developments

Main critical technologies have been assessed:
Solar array, High Gain Antenna

Full trade-off for Heat Shield design

Heat Shield definition based on well-known and
robust techniques

Breadboard test program, in the closest
conditions from flight, confirmed thermal design
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Conclusions




